

































































































































































AC	 	 	 Alternating	Current	
APEC	 	 	 Asia	Pacific	Economic	Cooperation	
ATAG	 	 	 Air	Transport	Action	Group	
BECCS	 	 	 Bio-energy	carbon	capture	and	storage	
CFCs	 	 	 Chlorofluorocarbons	
CO2	 	 	 Carbon	dioxide	
CH4	 	 	 Methane	
CAP		 	 	 Common	Agricultural	Policy	
CAPEX	 	 	 Capital	Expenditure	
CCS	 	 	 Carbon	Capture	and	Storage	
COP		 	 	 Conference	of	the	Parties		
DC	 	 	 Direct	Current	
EU	 	 	 European	Union	
F-gases		 	 Fluorinated	GHGs	
FAO	 	 	 Food	and	Agriculture	Organization	
FFS	 	 	 Fossil	Fuel	Subsidies	
FSB	 	 	 Financial	Stability	Board	
G7		 	 	 Group	of	Seven	
G20	 	 	 Group	of	Twenty	
GDP	 	 	 Gross	Domestic	Product	
GHG		 	 	 Greenhouse	Gas	
GtCO2eq		 	 Gigatonnes	of	CO2	equivalent	
HCFCs	 	 	 Hydrochlorofluorocarbons	
HFCs	 	 	 Hydrofluorocarbons	
HFOs	 	 	 Hydrofluoroolefins	
IATA	 	 	 International	Air	Transport	Association	
ICAO	 	 	 International	Civil	Aviation	Organisation	
ICLEI	 	 	 Local	Governments	for	Sustainability		
ICT	 	 	 Information	and	Communication	Technology	
IEA	 	 	 International	Energy	Agency	
IMF	 	 	 International	Monetary	Fund	




IPCC		 	 	 Intergovernmental	Panel	on	Climate	Change	
IRENA	 	 	 International	Renewable	Energy	Agency	
ISWA	 	 	 International	Solid	Waste	Association	
LED	 	 	 Light	Emitting	Diode	
LNG	 	 	 Liquefied	Natural	Gas	
LULUCF		 	 Land	use,	land-use	change	and	forestry		
MDBs	 	 	 Multilateral	Development	Banks	
MENA	 	 	 Middle	East	and	North	Africa	
MEPS	 	 	 Minimum	Energy	Performance	Standards	
MRV		 	 	 Measuring,	reporting	and	verification	
MSW	 	 	 Municipal	solid	waste	
N2O		 	 	 Nitrous	oxide	
NF3	 	 	 Nitrogen	Trifluoride	
NZEBs	 	 	 Net-Zero	Energy	Buildings	
OECD		 	 	 Organization	for	Economic	Cooperation	and	Development		
OPEC	 	 	 Organization	of	Petroleum	Exporting	Countries	
PFCs	 	 	 Perfluorocarbons	
PV	 	 	 Photovoltaics	
R&D	 	 	 Research	and	Development	
SF6	 	 	 Sulphur	Hexafluoride	
SO2	 	 	 Sulphur	dioxide	
SWM	 	 	 Solid	waste	management	
TVs	 	 	 Televisions	
TWh	 	 	 Terawatt	Hours	
UNEP	 	 	 United	Nations	Environment	Programme		
UNFCCC		 	 United	Nations	Framework	Convention	on	Climate	Change	
WtE		 	 	 Waste	to	Energy	



























































































































means	of	net	afforestation	and	carbon	capture	and	 storage	 (CCS)	 from	the	burning	of	biomass	 for	
electricity	generation	(see	sections	4.2	and	4.5).	In	line	with	the	overall	project,	we	focus	here	on	the	
challenge	of	decarbonisation	(rather	than	the	challenge	of	moving	toward	negative	emissions).	
This	 shift	 itself	 frequently	entails	 finding	and	 introducing	new	technologies	and	 innovative	ways	of	
satisfying	needs.	More	often	than	not,	these	innovations	also	imply	breaking	with	existing	paradigms	

































be	 strengthened	 “in	 the	 context	 of	 sustainable	 development	 and	 efforts	 to	 eradicate	 poverty”.	 It	
thereby	highlights	the	second	aspect	of	the	adequacy	of	international	governance,	namely	that	it	be	

















































































































that	 international	governance	 in	virtually	all	 issue	areas	of	 international	relations,	 including	climate	















































































































Obligations	and	standards	of	behaviour	directed	at	addressing	 the	 issue	at	hand	can	 take	different	
forms	(depending	on	problem	characteristics	and	the	political	choice	of	parties).	They	may	prohibit	or	




























































































eral	environmental	agreements	do	engage	 in	 relevant	programmes	and	have	 financial	mechanisms	
and	various	international	financial	institutions	exist	to	this	end,	including	the	World	Bank,	several	Mul-






second-order	collective-action	problem	of	who	 is	going	 to	provide	how	much	 to	 the	overall	effort.	
Second,	it	allows	to	reap	efficiency	gains	rooted	in	the	fact	that	similar	issues	need	to	be	and	can	be	
addressed	in	various	countries	and	contexts	drawing	on	similar	expertise	and	lessons	(thereby	reduc-



























































































































































































































































































tion	options	 (Wollenberg	et	al.,	2016).	Further	objectives	 for	 sectoral	activities	 such	as	 fertilisation	






































































































































outside	 the	project.	 For	 instance,	 efforts	 to	 reduce	deforestation	 in	one	area	may	be	offset	by	 in-
creased	deforestation	elsewhere.	Tools	to	address	leakage	include	discounting,	project-eligibility	cri-
teria,	and	the	use	of	“aggregate	baselines”.	Baselines,	the	development	of	national,	regional	or	sector	










dination	 and	 overlapping	 functions	 among	ministries,	 and	 lack	 of	 transparent	 financial	monitoring	
(Murdivarso,	Brockhaus,	Sunderlin,	&	Verchot,	2012).	There	is	also	a	need	to	have	clear	land	tenure	
and	land-use	rights	regulations	and	a	certain	level	of	enforcement,	as	well	as	clarity	about	carbon	own-




























garding	 transparency	 and	 accountability.	 Reference	 levels	 need	 to	 be	 defined	 as	 baselines	 against	
which	the	success	of	efforts	to	preserve	and	enhance	forests	cover	can	be	measured.	Also,	monitoring	























































































































(2017)	 estimates	 that	 if	 62.6	 gigawatts	 of	 WtE	 plants	 are	 installed	 globally	 between	 2020-2050,	
avoided	emissions	would	equal	1.1	Gt	CO2e.		
4.3.2	 Main	challenges	and	barriers	toward	decarbonisation	











































































































































Circular	economy	strategies	 (recycle,	 reuse,	 less	demand	 for	primary	 resources,	efficient	use	of	 re-
sources,	elimination	of	waste,	new	business	models)	can	help	mitigate	emissions.	Each	year,	60	billion	
tonnes	of	raw	materials	are	extracted	(W.	Haas,	Krausmann,	Wiedenhofer,	&	Heinz,	2015).	About	30	











Kechichian,	Pantelias,	Reeves,	Henley,	&	 Liu,	 2016).	 Similarly,	 currently,	 only	14	per	 cent	of	plastic	
packaging	 is	 recycled	globally	although	 it	 is	possible	 to	 recycle	up	 to	70	per	 cent	 (Ellen	MacArthur	
Foundation,	2016).	



























materials)	 (Bourguignon,	 2016),	 skills,	 remoulding	 consumer	 behaviour	 and	 business	 models,	 and	
multi-level	governance.	Transforming	the	linear	economy,	into	a	circular	one	will	entail	a	radical	trans-
formation	of	entire	existing	production	and	consumption	patterns	(Behrens	et	al.,	2017).	
Political	barriers	exist.	 In	today’s	globalised	world,	 it	 is	quite	common	to	have	parts	of	one	product	
made	in	diverse	geographic	locations	including	different	countries.	Closing	the	loop	on	products	and	
































































Given	 that	 the	 transition	 to	 a	 circular	 economy	 involves	 tremendous	 transformation	 across	 value	
chains	and	industries	in	a	score	of	areas,	 it	will	be	essential	to	initiate	policy	and	technical	dialogue	




















electrification	 of	 processes	 is	 the	 most	 promising	 mitigation	 strategy.	 This	 holds	 for	 example	 for	
transport	and	emission	intensive	basic	materials	such	as	steel	and	cement	(Ahman,	Lechtenbohmer,	
Nilsson,	&	Schneider,	2016).	
Despite	 the	availability	of	 low-carbon	alternatives,	global	CO2	emissions	 from	electricity	generation	
have	been	rising	at	an	average	rate	of	around	three	per	cent	annually	between	2000	and	2014.	Only	
after	2011	has	this	trend	started	to	level	off	somewhat.	While	growth	in	electricity	demand	(and	hence	









energies	 in	 recent	 years,	 both	 in	 terms	 of	 dollars	 spent	 as	 well	 as	 in	 terms	 of	 capacities	 added	






in	 the	planning	are	utilized	to	 their	 full	 technical	 life-time,	 the	remaining	global	carbon	budget	will	
already	be	consumed	entirely	(Ottmar	Edenhofer,	2015).	However,	there	are	some	signs	that	the	coal	
boom	may	come	to	an	end.	 In	 the	US,	coal	consumption	and	production	has	plummeted	 in	 recent	
years,	partly	due	to	regulation	under	the	Obama	administration	and	partly	by	stiff	competition	from	

























change	this,	 the	 IEA	has	set	a	goal	to	establish	100	CCS	demonstration	projects	across	the	globe	 in	
















































































peak	 load	hours	 to	hours	with	 lower	demand	and/or	more	abundant	renewable	energy	supply.	 (2)	
long-term	storage	will	be	required	to	balance	out	seasonal	variability	in	the	availability	of	RE.	Energy	





tures.	 In	countries	 that	historically	 relied	on	 fossil	 fuelled	power	generation,	power	plants	 typically	
where	built	at	locations	that	are	close	to	the	centres	of	electricity	demand	(i.e.	major	industrial	cen-
tres).	Contrastingly,	 renewable	energy	generation	units	will	be	 located	wherever	the	potentials	are	
























































































































































































































































































































lations	mostly	see	 incremental,	but	still	 important,	 improvements	 in	energy	and	mitigation	of	GHG	
emissions.	Since	these	sectors	use	 large	(and	costly)	process	 installations	the	 investment	cycles	are	
long.	This	prevents	an	accelerated	take-up	of	new	breakthrough	technologies,	especially	if	these	re-


















However	 only	 a	 third	 of	 all	 aluminium	 produced	 today	 comes	 from	 old,	 traded	 and	 new	 scrap	


















In	developing	countries	 (that	see	high	 levels	of	growth	 in	basic	materials	production),	on	the	other	
hand,	introducing	price	on	CO2	emissions	is	often	seen	as	stunting	development	and	the	construction	
































Given	 the	 disparities	 highlighted	 between	 regions,	 each	 economic	 region	may	 need	 a	 low	 carbon	
roadmap	including	trajectories	for	the	industrial	sectors	which	need	to	be	embedded	within	the	other	













































































90	per	 cent	of	proven	global	oil	 reserves	 (up	 from	 less	 than	 ten	per	 cent	 in	 the	1970s),	with	most	
engaging	international	oil	companies	in	a	variety	of	contractual	arrangements.	Because	of	this	shifting	
ownership,	international	oil	companies	have	focused	on	hard-to-access	(e.g.	deepwater)	and	hard-to-

































A	particular	focus	 in	this	section	 is	the	role	of	subsidies	to	fossil-fuel	extractive	 industries,	and	pro-















subsidies	 (FFS)	amounted	to	USD	493	billion	 in	2014	(up	from	USD	300	billion	 in	2009)	and	exceed	
renewable	energy	subsidies	by	more	than	four	to	one	(IEA,	2015c).	Estimating	their	extent	is	compli-
cated	by	substantial	data	gaps	because	of	limited	transparency	at	the	national	level,	and	a	full	account-








































































A	 further	obvious	challenge	relates	 to	equity	considerations	and	the	 importance	of	securing	a	 ‘just	























































the	weakness	of	 institutions:	governments	sometimes	subsidise	fossil	 fuels	because	they	 lack	other	
















































































the	more	 voluntary	 proposals	 is	 to	 include	 reporting	on	 FFS	 in	UNFCCC	National	 Communications.	
Country	commitments	 to	 transparency	can	also	be	widened	and	strengthened	when	government’s	












ments	 often	 find	 it	 easier	 to	 renege	 on	 their	 voluntary	 commitments	 …’	 (Asmelash,	 2017;	
Tagliapietra,	2017).	
















sidy	reform	processes,	either	 in	terms	of	 institutional	arrangements	or	careful	timing.	 It	will	be	 im-



















































tries	 therefore	will	be	 to	switch	existing	 transport	modes.	This	means	 large	scale	 replacement	of	a	


























































































more	 sustainable	 transport	 systems	are	 in	place.	The	 largest	barrier	on	a	 technological	 level	 is	 the	
development	of	high-yield	battery	systems.	However,	a	"techno-cultural"	barrier	can	potentially	be	
that	many	engineers	and	designers	implicitly	favour	systemic	improvements	to	existing,	combustion-



















frastructures	constitute	 large,	 long-term	investments,	any	 infrastructure	development	constitutes	a	
potential	institutional	lock-in.	A	radical	change	in	transport	infrastructure	as	necessitated	by	a	low-	or	




but	 also	 double	 opposition	 by	 two	 strong	 incumbents.	 Sector-wise,	 the	 transport	 sector	 is	 closely	
linked	to	national	power	sectors,	especially	if	a	future	strengthening	of	transport	electrification	is	taken	
































Once	a	standard	is	set,	 it	 is	 likely	that	 it	will	be	adhered	to	provided	there	is	some	enforcement	by	



















Finally,	 if	 a	 harmonised	 system	 for	 carbon	 pricing	 and	 a	 trading	 system	 is	 extended	 to	 national	
transport	 sectors,	an	 international	 registry	will	need	 to	be	 installed	 in	order	 to	ensure	 that	agreed	





















































































































the	 sector	 as	 a	 transitional	 fuel;	 a	 suitable	 bunkering	 network	 is	 rapidly	 evolving	 on	 established	
transport	routes	(Mofor	et	al.,	2015).	However,	a	fleet-wide	switch	to	LNG	would	be	 insufficient	to	
deliver	2-type	decarbonisation,	and	would	risk	further	carbon	lock-in.	Biogas,	biofuels,	and	micro-





























































gies	 (Walsh	 et	 al.,	 2017).	 Moreover,	 widespread	 technological	 uptake	 necessitates	 extensive	
knowledge	exchange	to	ensure	newly	fitted	technologies	are	operated	correctly.	North-South	tech-













































































































































































advantages.	 The	 emerging	mega-cities	 frequently	 feature	 overtaxed	 infrastructures,	 overburdened	
municipal	administrations,	hostile-to-life	settlement	structures	and	socio-economically	polarized	ur-
ban	societies.	Strengthening	small	and	medium-sized	towns	and	networking	them	with	 larger	cities	
can	 combine	 the	 advantages	 of	 agglomeration	 and	 decentralization,	 allowing	 for	 better	 use	 of	 re-















lenge	 of	 achieving	 low-emission	 and	 climate-resilient	 development	 (Huang,	 Busch,	 He,	 &	
Harvey,	2015;	Seto,	Dhakal,	et	al.,	2014;	WBCSD,	2010).	















today	have	been	built	as	 ‘zoned’	 cities,	where	different	 types	of	 land	use	 (residential,	 commercial,	
manufacturing,	service,	 recreational)	have	been	 largely	kept	separate.	Another	dominant	paradigm	
has	been	the	equation	of	mobility	with	(individual)	transport,	with	building	of	ever	more	infrastructure	






























































































2050	 of	 which	 approximately	 2.5	 billion	 will	 be	 new	 urban	 inhabitants,	 mainly	 in	 Africa	 and	 Asia	
(UNDESA,	2015).	Urban	areas	will	comprise	85	per	cent	of	growth	in	building	energy	use	until	2050,	70	














































































an	 important	non-financial	 barrier	 (IEA,	 2013).	 The	 sector	 involves	 a	 large	number	of	 stakeholders	
(constructors,	 building	 product	 producers,	 building	managers,	 architects,	 engineers,	 owners,	 occu-
pants,	 investors,	 trades	 people,	 equipment	 manufacturers,	 suppliers,	 architects,	 lenders,	 insurers,	
codes	and	standards	setters,	zoning	officials,	realtors	and	others)	(Boasson	&	Dupont,	2015;	IEA,	2013)	
and	 is	deeply	 fragmented	 (between	the	national	or	 local	 level).	Consumer-awareness	programmes,	
standards	 and	 labelling	while	 effective	 tools	 to	encourage	purchase	of	 the	most	 efficient	 available	
technologies,	are	not	prevalent	across	the	globe,	in	particular	in	developing	countries.	In	the	absence	
of	awareness,	easy	access	to	knowledge	and	technology,	and	organized	training,	the	large	number	of	











































































































CO2	 emissions	 from	 fuel	 combustion.	 Substantial	 emission	 reduction	 potential	 exists,	 if	 consumers	












realized	over	 conventional	 lighting	 setups	 (145	 terawatt	hours	or	TWh	 in	2016).	 Yet,	 these	 savings	






























































Even	 if	 energy	 efficiency	 improvements	 are	 realized,	 there	 further	 challenges	 that	 need	 to	 be	 ad-
dressed	 to	curb	absolute	emissions	 in	 the	 sector.	A	major	one	 is	 the	 rebound	effect:	when	energy	
services	become	more	affordable	because	of	efficiency	improvements,	this	may	lead	to	an	increase	of	
demand	in	the	same	services.	There	may	also	be	an	indirect	rebound	effect	in	that	households	may	






reduce	absolute	consumption	 levels.	 In	practice,	 this	would	mean	that	 the	 trend	 to	ever	bigger	TV	
screens	or	more	voluminous	 refrigerators	 is	 reduced	and	eventually	 reversed.	While	 first	advances	





























































What	 is	more,	 the	harmonization	of	 labels	and	standards	may	help	 reduce	cost	on	 the	part	of	 the	
industry.	On	the	other	hand,	a	common	standard	for	efficiency	assessments	may	create	the	foundation	
also	for	common	minimum	energy	performance	standards.	But	there	is	also	a	potential	downside	to	a	
global	harmonization	of	efficiency	standards.	 In	 the	past,	 the	various	efficiency	standards	have	en-

















































































































































ment	 to	decarbonizing	USD	100	billion	 in	 institutional	equity	 investments.	 Several	 individual	banks	
have	also	pledged	decarbonisation	measures.	For	example,	Deutsche	Bank	has	committed	to	end	new	






has	gained	momentum	through	decisions	of	 some	major	 insurance	companies,	pension	 funds,	and	
foundations	 in	several	countries	to	divest	 from	fossil	 fuel	assets,	 including	the	Rockefeller	Brothers	
Fund	(Rockefeller	Brothers	Fund,	2017),	France’s	largest	insurance	company	AXA	(AXA,	n.d.),	and	the	













Despite	 the	 above	 developments	 and	 emerging	 shifts	 that	 demonstrate	 the	 potential	 for	 climate-
aligned	investments,	a	significant	acceleration	in	“shifting	the	trillions”	towards	green	sources	of	en-
















ing	contrary	signals	 to	 investors	that	continue	to	depend	on	fossil	 fuels	 (Gerasimchuk	et	al.,	2017).	
Clear	long-term	policies	and	sufficient	regulatory	frameworks	are	needed	to	send	appropriate	signals	
























































long-term	capital	 form	barriers	 for	 the	private	sector	 to	 invest	 in	capital	 intense	renewable	energy	




























Apart	 from	that,	 the	signal	could	also	emanate	 from	and	be	reinforced	by	consistent	and	coherent	
climate	policy	actions	by	governments	(OECD/IEA	and	IRENA,	2017).	Providing	strategic	environmental	
















































only	 the	 climate-compatible	 investments	but	also	 the	high-carbon	 investments	or	 “brown	 finance”	








































































































































































It	 should	be	worth	pointing	out	 that	our	analysis	at	 this	 stage	abstracts	 from	the	world	of	existing	
international	institutions	(both	intergovernmental	and	transnational).	It	does	not	include	or	imply	an	
assessment	of	the	performance	of	the	various	existing	international	institutions	in	addressing	climate	
change	and	contributing	 to	 the	governance	 functions	distinguished.	We	have	hence	here	aimed	 to	



































































clear	 target	 providing	direct	 guidance	 to	 any	 investor.	 In	 contrast,	 a	 hypothetical	 target	 of	 halving	














































































































































































ture	of	 the	barriers	and	opportunities	 that	exist	 in	different	 fields	of	action	and	can	or	need	 to	be	
addressed	by	international	institutions	and	cooperation.	This	should	enable	us	to	clearly	identify	exist-
ing	gaps	and	potentials	to	be	addressed	 in	varying	 international	governance	 institutions,	which	will	
need	to	be	further	substantiated	in	Task	4.2	of	the	project.	
Hence,	 our	 analysis	 of	 the	 demand	 for	 international	 governance	 across	 different	 sectoral	 systems	
should	constitute	a	sound	basis	for	the	next	steps	and	tasks	in	Work	Package	4	of	the	COP21	RIPPLES	




































































































































































• Lock	 in	 of	 high-emission	
infrastructure	 through	
ongoing	urbanisation	
• Lack	 of	 integrated	 land-use	 and	
transportation	planning		
























































Agriculture	 Medium	 Medium	 Low	 High	 High	
LULUCF	 High	 High	 High	 High	 Medium	
Waste	 High	 Low-Medium	 Low	 High	 Medium	
Circular	economy	 (-)	 High	 Low	 High	 High	
Power	 High	 Medium-High	 Medium	 High	 Low-Medium	
Energy-i.	industry	 High	 High	 Medium-high	 High	 High	
Extractive	Industries		 High	 High	 Medium	(FFS:	High)24	 Medium-High	 Medium	
Transport	 High	 Medium-High	 Low	 High	 Medium	
International	transport	 High	 High	 High	 Medium	 Medium	
Urban	Systems	 High	 Low	 Medium	 High	 High	
Buildings	 High	 Medium-High	 Medium	 Medium-High	 Medium	
Appliances	 High	 Medium	 Low	 Medium	 Medium	
Financial	sector	 High	 High	 Medium	(FFS:	High)24	 Medium	 High	
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